Star clusters are superb astrophysical laboratories containing cospatial and coeval samples of stars with similar chemical composition. We have initiated the Sejong Open cluster Survey (SOS) -a project dedicated to providing homogeneous photometry of a large number of open clusters in the SAAO Johnson-Cousins' U BV I system. To achieve our main goal, we have paid much attention to the observation of standard stars in order to reproduce the SAAO standard system. Many of our targets are relatively small, sparse clusters that escaped previous observations. As clusters are considered building blocks of the Galactic disk, their physical properties such as the initial mass function, the pattern of mass segregation, etc. give valuable information on the formation and evolution of the Galactic disk. The spatial distribution of young open clusters will be used to revise the local spiral arm structure of the Galaxy. In addition, the homogeneous data can also be used to test stellar evolutionary theory, especially concerning rare massive stars. In this paper we present the target selection criteria, the observational strategy for accurate photometry, and the adopted calibrations for data analysis such as color-color relations, zero-age main sequence relations, Sp -M V relations, Sp -T eff relations, Sp -color relations, and T eff -BC relations. Finally we provide some data analysis such as the determination of the reddening law, the membership selection criteria, and distance determination.
INTRODUCTION
Open clusters are stellar systems containing a few (100 -1000) coeval stars with nearly the same chemical composition. They are ideal targets to test stellar evolution theory. As open clusters are stellar systems, they provide valuable information on the distance and age of stars in the cluster, information that is very difficult to obtain from field stars. In contrast to globular clusters, open clusters have a wide range of ages. As they are important building blocks of the Galactic disk, the distribution of age and abundance of open clusters provide information on the star formation history in the Galaxy. In addition, the stellar initial mass function (IMF) from open clusters is one of the basic ingredients in constructing the star formation history
Corresponding Author : H. Sung of the Galaxy as well as the population synthesis of unresolved remote galaxies.
The number of known open clusters is about 1700, but some seem to be not real clusters (Cheon et al. 2010 ) and some may be remnants of disrupted clusters. Owing to several all sky surveys such as Hipparcos, Tycho, 2MASS, etc, many new open clusters or associations were identified Karachenko et al. 2005) . Open clusters can be classified into three groups according to their age (Sung 1995) -young (age ∼ < 10 7 yrs), intermediateage (age: 10 7 -7 × 10 8 yrs), and old (age ∼ > 7 × 10 8 yrs). Young open clusters can give information on the stellar evolution of massive stars (Conti et al. 1983; Massey 2003; Kook et al. 2010; Lim et al. 2013) as well as on low-mass pre-main sequence (PMS) stars (Sung et al. 1997; Luhman 2012) . As massive stars are still in the main sequence (MS) or in evolved stages, young open clusters are ideal targets for studying the stellar IMF in a wide mass range ). In addition, as they are still in or near their birthplace, the spiral arm structure of the Galaxy can be derived from the spa- As old open clusters are considered representative of the first generation of stars in the Galactic disk, they can give information on the star formation history in the Galactic disk and the chemical evolution of the Galaxy (Kim et al. 2003) . As an open cluster is a stellar system, stars in the cluster are subject to dynamical evolution Lada & Lada (2003) and Porras et al. (2003) found that about 80% of the stars in star forming regions in the Solar neighborhood are in clusters with at least 100 members. As small clusters or groups are dynamically unbound, the stars in small clusters and groups will disperse and become the field stars in the Galactic disk. Unfortunately, as most observations are mainly focused on relatively rich open clusters, we have not much information on these small clusters. In addition, the number of stars in such small clusters is insufficient to test reliably stellar evolution theory, as well as dynamical evolution models. These obstacles can be overcome by combining data for several open clusters with a similar age. This is the importance of the open cluster survey project.
Many photometric surveys of open clusters have been conducted up to now. Among them "Photometry of stars in Galactic cluster field" (Hoag et al. 1961) (Vogt & Moffat 1972 , 1973 Moffat & Vogt 1973a , 1975a and in the l = 135
• region (Moffat & Vogt 1973b ). As the photon collecting area of CCDs increased rapidly in the 2000s, several photometric surveys of open clusters based on CCD photometry were started.
Photometric surveys of open clusters in the 1990s were performed by several researchers (see Ann et al. (1999) for a summary). K. A. Janes and R. L. Phelps performed photometric surveys of open clusters in the Northern hemisphere (??). Ann et al. (1999 Ann et al. ( , 2002 started the BOAO Photometric Atlas of Open Clusters with the Bohyun-san Optical Astronomy Observatory (BOAO) 1.8m telescope to understand the structure of clusters and of the Galactic disk. They selected 343 target clusters and ambitiously started the project, but because of poor weather conditions in Korea, only two papers (photometric data for 16 clusters) were published from the survey project. The CFHT Open Star Cluster Survey (Kalirai et al. 2001a,b,c) (Mathieu 2000) is the most successful open cluster survey program up to now. The WOCS team selected cluster members from deep photometry, spectroscopic radial velocity surveys, and proper motion studies. They studied binarity, stellar activity, chemical composition as well as observational tests of stellar evolution theory. The Bologna Open Cluster Chemical Evolution Project (Bragaglia & Tosi 2006) published photometric data for 16 open clusters obtained with 1m to 4m-class telescopes. Recently Maciejewski & Niedzielski (2007) published BV photometric data for 42 open clusters, but their data are very shallow due to the small aperture size of the telescope and shows a large scatter probably due to bad weather.
We have started the Sejong Open cluster Survey (hereafter SOS) (Lim et al. 2011 ), a project dedicated to provide homogeneous photometry of a large number of open clusters in the Johnson-Cousins' U BV I system which is tightly matched to the SAAO standard U BV RI system. To achieve our main goal we will pay much attention to the observation of standard stars in order to reproduce the SAAO standard system (Menzies et al. 1989 (Menzies et al. , 1991 Kilkenny et al. 1998) . We have already derived the standard transformation relations for the AZT-22 1.5m telescope at Maidanak Astronomical Observatory (MAO) in Uzbekistan (Lim et al. 2009 ), for the Kuiper 61 ′′ on Mount Bigelow, Arizona, USA (Lim et al. 2013, in preparation) , as well as for the 1m telescope at Siding Spring Observatory (SSO) .
The homogeneous photometric data from this project can be used in the study of (1) the local spiral arm structure of the Galaxy (2) the observational test of stellar evolution theory (3) the stellar IMF (4) the dynamical evolution of star clusters (5) the star formation history of the Galaxy (6) the chemical evolution of the Galaxy
In Section 2, we will describe the target selection criteria, and the spatial distribution of target clusters. In Section 3, we describe our strategy for accurate photometry such as determination of the atmospheric extinction coefficients, transformation coefficients, and correction for the other factors affecting photometry. In Section 4, we adopt several calibrations required for the analysis of photometric data such as the intrinsic color relations, zero-age main sequence (ZAMS) relations, the Spectral Type (Sp) -M V relation, the Sp -T eff relation, etc. In Section 5, we present some data analysis such as the determination of the reddening law, the membership selection criteria, and distance determination. We summarize our main results in Section 6.
TARGET SELECTION

Status of Open Cluster Data
After the introduction of CCDs in astronomy, most observations were focused on densely populated clus- Kook et al. (2010) with that of Piatti & Clariá (2001) for the stars in the young open cluster Hogg 15. Large and small dots represent bright (V ≤ 17 mag) and faint stars (V > 17 mag), respectively. There are large systematic differences in V and V − I between Kook et al. (2010) and Piatti & Clariá (2001) Figure 1 .
Until now several open cluster survey projects have been performed or are in progress. In order to derive meaningful results from the combined photometric data of open clusters with a similar age, the most important factor is the homogeneity of the photometry. Unfortunately, some photometric data show large deviations (see Mermilliod & Paunzen (2003) or Figure 2 ). The size of the deviations is much larger than the expected errors from uncertainty in atmospheric extinction correction. The large systematic differences shown in Figure 2 seem to be caused by errors, either in the atmospheric extinction correction or in the transformation to the standard system, or both.
We started a project to observe a large number 
OBSERVATION STRATEGY
To perform accurate photometry, we should pay as much attention to the preparation of the observations as to the observation of standard stars. It is well-known that there are some systematic differences between the Landolt standard U BV RI system (Landolt 1992 ) and the SAAO U BV RI system (Menzies et al. 1989 (Menzies et al. , 1991 Bessell 1995) . Hence, it is important to have some knowledge of the photometric system. Without knowledge of the characteristics of an observing site and of the photometric system, it is impossible to achieve 1% error levels in photometry.
Standard Stars
The selection of standard stars is one of the most important aspects within the standard system photometry. We found the necessity of a non-linear correction term in the transformation to the Landolt (1992) U system (Sung et al. 1998; . To avoid this and to obtain accurate standardized data in U −B, we observed the SAAO secondary standard Equatorial stars (Menzies et al. 1991 ) and the extremely blue and red stars from Kilkenny et al. (1998) . Unfortunately, most of these stars are very bright, and we have to use short exposure times for them. We carefully check for uneven illumination patterns or systematic differences in the effective exposure time for the images obtained with short exposures (τ exp ∼ < 10 s, see for example Lim et al. (2008) ).
Extinction Coefficients
Atmospheric extinction is caused by absorption and scattering by air molecules or other particles in the Earth's atmosphere. Most of the extinction in the visual window is due to Rayleigh scattering (∝ 1 λ 4 ) by air molecules. Another important and variable contributor to the extinction is the scattering and absorption by small liquid or solid particles of various sizes called aerosols (Cousins & Caldwell 1998 ). The total extinction value depends primarily on the line-of-sight length through the Earth's atmosphere (air mass). In addition, since the extinction varies with wavelength, the mean value of the extinction measured across a wide filter pass band will differ depending on the spectral energy distribution of the stars. We correct for these effects by looking for a primary or first extinction coefficient that depends on air mass but is independent of color, and on a secondary extinction coefficient that depends also on color.
The magnitude corrected for atmospheric extinction is given by
where m λ,0 , m λ , k 1λ , k 2λ , C, and X are the extinctioncorrected magnitude, observed instrumental magnitude, primary extinction coefficient, secondary extinction coefficient, relevant color index, and air mass, respectively. In general, we observe many standard regions several times at various air masses. To get a long baseline in air mass we often observe standard stars near the meridian and again at zenith distances of ≈ 60
• . The secondary extinction coefficients for V RI are very small and normally ignored.
The atmospheric extinction coefficients at SSO are presented in , and those at MAO in Lim et al. (2009) . At MAO there are obvious seasonal variations in the primary extinction coefficients for all filters. The coefficients are larger in summer, but smaller in winter. In addition, the extinction coefficients in summer show a large scatter. The mean extinction coefficients are slightly larger at MAO in V and R than those at SSO, but those in U , B, and I are slightly smaller at MAO. In addition, we find about 10% or more real fluctuations in the extinction coefficients. It is better to determine the extinction coefficients every night unless the standard stars and program objects are observed and interspersed at similar zenith distances.
Transformation Coefficients
All photometric systems are defined by the filters and detectors used in the observations. Slight deviations between standard magnitudes and atmosphericextinction-corrected natural instrumental magnitudes are to be expected, and need to be corrected for to achieve the highest accuracy. Such differences are tracked and corrected through the observation of many standard stars with the largest possible range of colors. The correction terms between two systems are called transformation coefficients, and are related as
where M λ , m λ,0 , η λ , C, ζ λ represent the standard magnitude, atmospheric extinction-corrected instrumental magnitude as defined in Equation (1), transformation coefficient, relevant color index, and photometric zero point, respectively. Normally, the transformation relation against a relevant color is a single straight line or a combination of several straight lines (see Sung et al. (2008a) ). The final transformation relations can be determined using all the standard stars observed for several years after correcting for daily differences, such as extinction and photometric zero points.
Time Variation of Photometric Zero Points
The photometric zero points depend primarily on the light gathering power of the photometric system, i.e. the size and state of the primary mirror and the quantum efficiency of the detector. In addition, changes in atmospheric conditions such as a change in aerosol, water vapor or dust content in the atmosphere or a variation in the ozone layer in the upper atmosphere also affect the zero points. It is known that changes in water vapor content affect the extinction at longer wavelengths (mostly I and near-IR), while changes in the aerosol content affect the extinction at all optical wavelengths. Changes in the ozone layer mainly affect U , V and R. At MAO the time variation in many cases started at evening twilight and ended around midnight (Lim et al. 2009 ). Such a variation at MAO may be related to the change in the content of water vapor.
Spatial Variation
In some cases we have to consider a spatial term in the transformation relations due to the uneven illumination of the focal plane. We initially tried to determine standard transformation relations for the CFH12K CCD of CFHT using Stetson's extensive photometry of standard star regions (Stetson 2000 ), but we were unable to do so with a reasonable error. Later, we found that a star's position on the chip influenced the transformation (Sung et al. 2008a ). Such an effect has now been identified on all wide-field imagers and results from the non-uniform illumination of the mosaic plane that cannot be corrected by normal flat field exposures, due to scattered light. Recently we also found similar corrections for the CTIO 4m MOSAIC II CCDs (Lim et al. 2013 ).
General Form of the Transformation Relation
Now we can write a general form of the extinction and transformation relation as follow (see Sung et al. (2008a) ).
where α λ ,Û T , β λ , γ λ ,x CCD , andŷ CCD denote the time-variation coefficient, the time difference relative to midnight, the spatial variation coefficient in the xand y-coordinate, CCD x-and y-coordinates in units of 1,000 pixels, respectively. If the CCD used in the observations is a 2K-single chip, the spatial term may also be neglected. We found a non-negligible spatial term in the transformation of the Kuiper 61 ′′ telescope.
Sequence of Observations
The extinction coefficients differ from night to night and often within a night. Therefore, it would be better to observe as many standard regions/stars as possible to determine the extinction coefficients as well as the time variation of the photometric zero points (see or Lim et al. (2009) ).
We observe three or four standard stars/regions at various air masses just after the evening twilight and midnight, and observe one or more standard stars/regions just before the morning twilight. The observations near the evening twilight or midnight give the instantaneous extinction coefficients. A temporary value of the transformation coefficients for the V RI filters (η λ C + ζ ′ λ ) can be determined from the plot of M λ − m λ against the relevant color C. For U or B the slope obtained above is k 2λ X + η λ . By applying these temporary values for extinction and transformation coefficients to all the data observed at different times we can calculate the time variation of the photometric zero points. After correcting for the time variation, we can calculate the transformation coefficients using all the data observed during the night. Then, we recalculate the extinction coefficient using all the data.
ADOPTED CALIBRATIONS
To analyze the photometric data from this survey, we have to use various relations. Many investigators studied and adopted various relations used in the data analysis such as the ZAMS relation, the color -temperature relation, the Sp -temperature relation, etc. In many cases, we are confronted with the situation in which the physical quantity determined from one relation differs from that derived from the other relations, e.g. the effective temperature (T eff ) of a star from the T eff versus B−V relation, and that from the T eff versus U − B relation. Such a discrepancy may be caused by the different resolution at a given T eff range between colors, but in some cases it is caused by the lack of internal consistency between relations.
In this section we describe all the relations used in the data analysis. To get reliable and self-consistent quantities, we choose the spectral type (Sp) as the primary calibrator. In addition, to derive internally consistent relations, we make use of the intrinsic color relations between colors because such relations are relatively well known. Therefore, we first derive the intrinsic color relations in Section 4.1. The other basic relations, such as the ZAMS relation and the Sp -M V relations, are presented in the subsequent sections. We then adopt the Sp -T eff relation, the Sp -color relation, and the T eff -bolometric correction (BC) relation for a given luminosity class (LC) from Section 4.5.
Intrinsic Color Relations
The interstellar reddening can be determined from the two-color diagrams (hereinafter TCDs) using the difference in the color excess ratios between colors. Although several TCDs are used in the reddening estimate, the (U − B, B − V ) TCD is the most popular and a well-established one. To derive the reddening E(B − V ), we should adopt two relations: (1) the intrinsic color relation for the MS (or ZAMS) stars in the (U − B, B − V ) diagram ‡ , and (2) the slope of the ‡ The intrinsic color-color relations for giants or supergiants may be used, but there are several uncertainties such as the uncer- The intrinsic color relation in the (U −B, B −V ) diagram was investigated by several researchers after the introduction of the U BV photometric system. Among them, the relations derived by Johnson (1966) , Mermilliod (1981) , Schmidt-Kaler (1982), and FitzGerald (1970) are most frequently used. We compared their relations in Figure 4 and presented the adopted relation in Table 1 . While Johnson (1966) and FitzGerald tainty in LC or in the intrinsic color. Therefore, the reliability of E(B − V ) from evolved stars is relatively poor. (1970) derived and presented the relations for all the luminosity classes, Mermilliod (1981) presented the relation only for MS stars derived from a comparative study of several well-observed open clusters. For earlytype stars we adopt mainly the relation presented by Mermilliod (1981) for MS stars and the one of Johnson (1966) for the other LCs. For late-type stars we adopt the data by FitzGerald (1970) and smoothed the relations.
The color excess in other colors, for e.g.
, cannot be easily determined from the TCD. The color excess can be determined from the intrinsic color relations between color and (B − V ) 0 . In addition, as the near-and midinfrared color excess ratios are very sensitive to the reddening law (Guetter & Vrba 1989) , i.e. the total to selective extinction ratio R V ≡ A V /E(B − V ), we derived the intrinsic color relations between (B − V ) 0 and (V − λ) 0 for the 2MASS pass bands (Skrutskie et al. 2006) .
To derive those relations, we chose 2MASS data for the Pleiades, NGC 2362, NGC 2264, and the ONC. In addition, we also calculated the synthetic colors in 2MASS and Spitzer IRAC bands using the Tlusty non-LTE model atmosphere of O-and B-type stars (Lanz & Hubeny 2003 § by one of the authors (MSB). As these clusters are relatively less reddened, the uncertainty due to the reddening correction can be minimized. We assumed E(B − V ) = 0.10 and 0.04 mag for NGC 2362 and the Pleiades, respectively. The E(B −V ) of individual stars is estimated and corrected for the stars in NGC 2264 and the ONC. In correcting for the color excess for each color, we used the relation between the color excess ratio and the value of R V of Guetter & Vrba (1989) for 2MASS colors. We present the intrinsic color relations in Figure 5 and Table 2 .
Zero-Age Main-Sequence Relations
The ZAMS relation is the basic tool used to estimate the distance to open clusters. As noticed by Johnson & Hiltner (1956) , the distance to an open cluster may have a large error if the effect of evolution during the MS phase is neglected. They introduced the standard main sequence for age "zero". Sandage (1957) used the term "zero-age main sequence". There are several standard clusters used in deriving the ZAMS relation. The primary cluster is the Hyades, which was the only cluster having a reliable distance at that time. The Pleiades is the second cluster which can provide the ZAMS relation up to A-type stars. Unfortunately there are no young open clusters within 1kpc from the Sun (apart for some unsuitable extremely young clusters), which makes it difficult to extend the relation to the upper MS. The young open clusters are, in general, highly reddened, show a differential reddening across the cluster, and have an anomalous reddening law in many cases. In addition, the metallicity of stars in the Perseus arm is known to be lower than that of the stars in the Solar neighborhood. The ZAMS relation of Schmidt-Kaler (1982) is nearly identical to that of Blaauw (1963) which is very similar to that of Johnson & Hiltner (1956) or Sandage (1957) . Mermilliod (1981) published a new ZAMS relation from the analysis of photometric data for many open clusters. His ZAMS relation is slightly fainter than the others (Blaauw 1963; Schmidt-Kaler 1982) . Sung & Bessell (1999) presented the ZAMS relation in V − I color which is less sensitive to the metallicity difference. We adopt the ZAMS relations used in the data analysis. The upper part of the ZAMS is taken from the reddening corrected color-magnitude diagrams (CMDs) of the young open clusters in the η Carina nebula (Hur et al. 2012 ) and NGC 6611. By the definition of "zero" age for single stars, we took the lower ridge line of the MS band as the ZAMS. For B-to G-type stars, we adopt the ZAMS relation of Mermilliod (1981) . For faint stars we adopted the relation of Schmidt-Kaler (1982) . The ZAMS relations for V − I and R − I are derived using the intrinsic color relations in Table 1 .
The adopted ZAMS relations for several colors are presented in Figure 6 . The ZAMS relations by Blaauw (1963) , Mermilliod (1981), and Schmidt-Kaler (1982) are compared in the figure. In the lower panel, the ZAMS relation of the upper MS band is compared with those of Hanson et al. (1997) , Brott et al. (2011) , and Mermilliod (1981) , Schmidt-Kaler (1982) , and Blaauw (1963) , respectively. we took 10 models with the Milky Way abundance and nearly the same initial surface velocity for a given mass as those in Table 2 of Ekström et al. (2012) . The ZAMS of Hanson et al. (1997) is slightly brighter than the adopted ZAMS, while that of Brott et al. (2011) and Ekström et al. (2012) is slightly fainter.
Spectral Type -M V Relation
One may determine
The absolute magnitude of a star can be determined from the ZAMS relation or from the Sp -M V relation for a given LC. In addition, one has to decide the membership of rare evolved stars in open clusters (see Lim et al. (2013) for example). For these reasons we have to adopt the Sp -M V relation. The usefulness of this relation is very limited because of the uncertainty in the LC. For O-type stars or evolved supergiant stars the scatter of M V is very large for a given Sp and LC because of their rarity and intrinsic variety of their characteristics.
Although there are several uncertainties, we adopt the Sp -M V relation in order to have a constraint for the membership of supergiant stars and early-type stars. We present the adopted Sp -M V relation in Figure 7 and in Table 4 . The results from Blaauw (1963) , Schmidt-Kaler (1982) , Conti et al. (1983) , and Humphreys & McElroy (1984) are compared in the figure. The M V value of A -F giants of SchmidtKaler (1982) is somewhat fainter than the values of Blaauw (1963) , probably because of the uncertainty of LC or the inclusion of subgiants, or both. The M V of Humphreys & McElroy (1984) is slightly brighter for M-type supergiants (LC: Ib). We mainly adopt the Sp -M V relation of Blaauw (1963) for late-type stars.
Spectral Type -Temperature Relations
One important aim of the SOS is to test observationally the stellar evolution theory. There are two observational tests -one is to compare observations with theoretical isochrones in the observational CMDs, the other is to compare the Hertzsprung-Russell diagrams (HRDs). In the first case, we have to use synthetic colors from model atmospheres, such as Bessell et al. (1998) . For the second case, we need to transform observational quantities into physical parameters, such as T eff and BC. Another important aim of the SOS is to address whether the stellar IMF is universal or not. To derive the IMF of an open cluster, one can directly determine the mass of the star in the HRD or rely on the mass-luminosity relation from the theoretical isochrones. As many young open clusters show a non-negligible spread in stellar age, the use of theoretical mass-luminosity relations may be limited to the intermediate-age or old open clusters. To construct the HRD of an open cluster, we should adopt the relations between Sp and T eff , and between T eff and BC. In this section, we describe the relation between Sp and T eff for a given LC.
Main Sequence Stars
The color -T eff relation has been studied by several authors. As shown in Figure 8 , the T eff scales are well consistent with each other for A -K stars, but shows a large scatter for hot or cool stars. For early-type stars, B − V changes by only about 0.3 mag for O-and B-type stars (T eff = 10,000 -50,000 K) while U − B changes by about 1.2 mag for the same T eff range, but only shows a small change for O-type stars (Massey 1985) . Therefore, although there is about 1 subclass uncertainty in spectral classification for O-type stars, Sp is the most important indicator of T eff for them. We first derive the Sp -T eff relation for MS stars. T eff for a given O-type is generally lower for recent determinations than for older. For example, the T eff scale of Crowther (1997) of O-type stars is slightly lower than that of Vacca et al. (1996) , but higher than that of Martins et al. (2005) or Heap et al. (2006) . We adopt the recent T eff scale of Martins et al. (2005) (their observational T eff scale) and that of Heap et al. (2006) for O-type stars.
The T eff scales of B-type stars, especially for early Btype stars show a large scatter. The relation of Johnson (1966) gives the lowest T eff , while others indicate a slightly higher T eff . In addition, there is a large change in T eff for early B-type stars. Unfortunately, the T eff scale of these stars did not attract recent studies. We adopt the mean value of all the determinations except for Johnson (1966) for B-type stars.
The T eff scales of M-type stars also show a large scatter. The T eff scale of Johnson (1966) or SchmidtKaler (1982) is slightly higher, and that of Bessell (1991) slightly lower. The T eff of Bessell (1991) is wellconsistent with that of Kirkpartick et al. (1993) . We adopt the T eff scale of Bessell (1991) for M-type stars. For A -K-type stars, we take the mean value of Johnson (1966) , Flower (1977), and Schmidt-Kaler (1982) . The adopted T eff scale for MS stars is shown with a solid line in Figure 8 , and reported in Table 5 .
Giant Stars
The T eff scales of O-type giants show the same trend -lower T eff for recent determinations. As for the case of MS stars, we choose the T eff scale of Martins et al. (2005) for O-type stars. For B-type stars, the T eff scale of Schmidt-Kaler (1982) is intermediate between Böhm-Vitense (1981) and Humphreys & McElroy (1984) or Flower (1977) . We adopt the T eff scale of Schmidt-Kaler (1982) for B-type stars.
For late-K and M-type stars, the T eff scale of Johnson (1966) is lower than the others. We take the T eff scale of Ridgway et al. (1980) for K and M-type stars. For A -K-type stars, Flower (1977) gives slightly higher T eff . We mainly take Schmidt-Kaler (1982) for A -K-type stars. The adopted Sp -T eff relation for giants is presented in Figure 9 and in Table 5 .
Supergiant Stars
The T eff scale of early-type stars shows a large scatter as presented in Figure 10 . The T eff of B-type stars of Johnson (1966) is lower than the others. As is in the previous sections, we take the T eff scale of Martins et al. (2005) for O-type stars, that of Crowther (1997) for early B stars, and that of Böhm-Vitense (1981) or Schmidt-Kaler (1982) for late B stars.
For A -G-type stars, the T eff of Humphreys & McElroy (1984) is well consistent with that of SchmidtKaler (1982) . We take the average of their relations. Recently Levesque et al. (2005) showed that there is a lower limit in the T eff of M-type supergiants, and their T eff scale of M-type is much higher than the others. We adopt the T eff scale of Levesque et al. (2005) for M-type supergiants. The adopted Sp -T eff relation is shown in Figure 10 and reported in Table 5 . 
Spectral Type -Color and Color -Temperature Relations
There are several studies on the Sp -color relations. Among them, FitzGerald (1970) analyzed extensive data in the U BV photoelectric catalogue of Blanco et al. (1968) . In general, these results are well-consistent with each other, as shown in Figure 12 . However, in some cases, such as for B-and K-type stars where U −B changes rapidly, it is not easy to take the intrinsic color for a given Sp. For such cases, we inevitably use the color-color relations adopted in Section 4.1. In addition, as the intrinsic color of early-type stars is still uncertain, we use the T eff -color relations for earlytype stars subsidarily (see Figure 11) .
The U − B colors from Tlusty models are in general well-consistent with the empirical relations, but the B− V colors are slightly redder than the adopted relation by about 0.02 mag for MS and giants. The same is true for Bessell et al. (1998) . In addition, the U − B of Bessell et al. (1998) is slightly redder than the synthetic colors from Tlusty models for O-and early B-type stars. The color -T eff relation of supergiant stars shows a large scatter. Nevertheless, the synthetic U − B colors from Tlusty models are well-consistent with the U − B versus T eff relation of Schmidt-Kaler (1982) . We adopt the B − V versus T eff relation using the color -color relation in Figure 4 for supergiant stars (Iab). The adopted relation is well-consistent with the empirical relation by Böhm-Vitense (1981) or SchmidtKaler (1982) , but shows a different trend relative to the synthetic B − V from the Tlusty models. The U − B of Bessell et al. (1998) shows a large scatter due to the current limitation in models with log g appropriate to supergiant stars (see Sung (1995) for the T eff versus log g relation). The adopted Sp -color relations are presented in Figure 12 and in Table 5 .
Temperature -Bolometric Correction
To construct the HRD, we need to correct for the amount of radiation emitted in the ultraviolet and in the infrared pass band. Johnson (1966) assumed BC = 0.00 for the Sun, and presented relatively smaller BC Fig. 11 .-Color -temperature relations for OB stars. Open circles, crosses, and star symbols represent the synthetic color from Tlusty O-type star models, Tlusty B-type star models, and Bessell et al. (1998) for MS stars (upper panel), for giant stars (middle panel), and for supergiant stars (LC = Iab, lower panel), respectively. The T eff -log g relation for a given LC is taken from Sung (1995) . The other symbols are the same as those in Figure 8 . Solid lines represent the adopted relations. as shown in Figure 13 . On the other hand, SchmidtKaler (1982) adopted BC = -0.19 for the Sun based on the Kurucz (1979) model atmospheres, and published relatively larger BC for all cases. Most astronomers now adopt M bol = 4.75 and BC = -0.07 for the Sun. Bessell et al. (1998) discussed this issue in detail.
As can be seen in Figure 13 , BC is a function of T eff for a given LC. Vacca et al. (1996) mentioned that BC for O-type stars is essentially a function of T eff only, i.e. independent of surface gravity. Martins et al. (2005) presented a slightly smaller correction than that of Vacca et al. (1996) , but BC is independent of surface gravity for O-type stars. Balona (1994) presented the relation between T eff and BC for from O9 to G5 stars. Flower (1996) gave the same BC scale for MS and giant stars. Bessell et al. (1998) also calculated BC for a model atmosphere with various surface gravities, but there are non-negligible differences in BC among different LCs.
We assume that BC for O stars is independent of surface gravity, but that for B -M stars differs for different LCs. For M stars, we adopt the BC scale of Bessell (1991) for MS stars, Schmidt-Kaler (1982) for giant stars, and Levesque et al. (2005) for supergiant stars. For B -K stars, we adopt the BC scale of Bessell et al. (1998) . The adopted BC scales are presented in Figure 13 and in Table 5 .
DATA ANALYSIS TOOLS
Reddening Law
To determine the physical parameters of stars and clusters accurately, we should know the correct interstellar reddening. Many investigators determine the total extinction A V by assuming the total-to-selective extinction ratio R V to be 3.1. However, the interstellar reddening law R V is known to be different for different sightlines (Fitzpatrick & Massa 2009 ). In addition, many young open clusters are known to show an abnormal reddening law. Recently Sung et al. (2013, in preparation) confirmed the variation of the reddening law with Galactic longitude from an analysis of optical and 2MASS data for about 200 young open clusters.
Before determining the color excess ratio, we should determine the reddening E(B−V ) from the (U −B, B− V ) TCD. The slope of the reddening vector in the TCD is known to depend both on the amount of reddening and on the intrinsic color (see Golay (1974) ). We determined E(B − V ) and E(U − B) for about 255 OB-stars in the young open clusters (NGC 6530, η Car, NGC 6611, NGC 6231, NGC 6823, IC 1805 , Westerlund 2, NGC 2244 , NGC 2264 , and the ONC) using the relation between spectral type and intrinsic color (see Section 4.5), and this is shown in Figure 14 . From the figure, we could not find any difference between O-type stars and B-type stars, which implies that the relation between E(B − V ) and E(U − B) depends only on the amount of reddening. We adopt the excess ratio as follow; Cardelli et al. (1989) showed that the total extinction A λ could be described as a simple function of R V . If we assume their expression, the color excess can also be expressed as E(U − B)/E(B − V ) = 0.859 − 0.045R V . If so, the ratio should be much smaller for young open clusters with an abnormal reddening law, e.g. the young open clusters in the η Car nebula (Hur et al. 2012) . ¶ We could not find any difference in color excess ratios among O-type stars in the η Car nebula, and therefore we neglect the effect of R V on E(U − B)/E(B − V ).
Knowledge of the reddening law, especially the totalto-selective extinction ratio R V ≡ A V /E(B − V ), is very important in estimating the distance to the object. In general, R V can be determined from the color excess ratio (Guetter & Vrba 1989) . We will determine the R V of target clusters using their relations,
The reddening E(B − V ) of individual early-type stars is calculated from the (U − B, B − V ) TCD, and the color excess of each color is calculated using the relation between intrinsic colors described in Section 4.1. Figure 15 shows that the R V of NGC 6531 is 2.96 ± 0.03 from all the four colors.
Membership Selection Criteria
As open clusters are in the Galactic plane, we can expect many field interlopers in the foreground and background. Therefore, membership selection is crucial in the studies of a cluster. There are several different membership criteria for different clusters or for different age groups.
Proper motion studies are a classical membership criterion for cluster studies. To obtain reliable proper motions for the stars in the cluster field, a long baseline in time is very important. As old photographic plates have very low sensitivity, their limiting magnitude is about V = 15 mag, which is far shallower than the limiting magnitude obtainable from a small telescope and from a modern CCD camera. The currently available CCD-based proper motion catalog from the US Naval Observatory, UCAC-3 (Zacharias et al. 2010 ) is in most cases useless for the membership selection of open clusters at 1 kpc or farther, because there is nearly no difference in proper motion between cluster members and field stars. The 10 µas astrometric data from the Gaia astrometric satellite (Lindegren et al. 2007; Turon et al. 2012) will revolutionize the study of stellar astrophysics in the 2020s. ¶ The U − B color of Herschel 36 in the young open cluster NGC 6530 is bluer than the U −B expected from the color excess ratio. However, the bluer U − B of the star should be checked since it may be due to the error in the photometry (Johnson 1967; or to other effects, such as accretion.
Early-Type Stars
Early-type members (Sp ∼ < B5) in young or intermediateage open clusters can be selected from the (U − B, B − V ) TCD without any ambiguity. Unfortunately there is nearly no membership criterion for late-B or A -F-type stars in reddened clusters. In such cases we have to estimate the number of members in a statistical way, but it is impossible to assign a membership individually.
Young Open Clusters
Several membership criteria are used to select the low-mass PMS stars in young open clusters. Sung et al. (1997) introduced Hα photometry as a membership criterion for low-mass PMS stars in the young open cluster NGC 2264, and successfully selected many PMS members in the T Tauri stage. Hα photometry as a membership criterion is restricted to the extremely young open clusters with ages younger than about 5 Myr. Another method of membership selection in the optical pass bands is to study the variability because most young stars show variability due to mass accretion.
An important characteristic of young PMS stars is an IR excess emission from their circumstellar disks. Unfortunately most PMS stars do not show any appreciable emission in the near-IR pass bands. Therefore, the usefulness of near-IR JHK photometry is very limited. An IR excess in the mid-IR pass bands, such as the Spitzer IRAC bands, is an important membership criterion for extreme young open clusters ). The probability of membership selection from a mid-IR excess is very similar to that from Hα photometry in the optical, but mid-IR excess is very useful for highly reddened embedded clusters.
While only classical T Tauri stars show very strong Hα emission and an IR excess, both classical and weakline T Tauri stars are very bright in X-rays. Therefore, X-ray emission is the most important membership criterion for low-mass PMS stars in young open clusters. Only a few PMS stars with edge-on disks do not show any appreciable emission or lack of emission . One weak point is that X-ray activity prolongs for a long time (Sung et al. 2008b ). Hence, we need to pay attention to remove field interlopers with strong X-ray emission.
Intermediate-Age and Old Open Clusters
There is no reliable membership criterion for intermediateage or old open clusters, except the CMD. For nearby clusters, Sung & Bessell (1999) devised a photometric membership criterion using the merit of multicolor photometry. Most intermediate-age or old open clusters do not show any appreciable amount of differential reddening across the cluster. In addition, the effect of reddening differs for different colors. The distance modulus from the (V, B − V ) CMD should be the same value
as that from the (V, V − I) CMD if the star is a member of the cluster. As photometric errors, binarity and other effects such as chromospheric activity or metallicity difference (Sung & Bessell 1999) can also affect the ZAMS relation the criterion for membership selection should be relaxed -(i) the average value of the distance modulus should be in the range [
, and (ii) the difference in the distance moduli should be smaller than 2.5σ V0−MV .
For open clusters at 1 kpc or farther, we can expect many field interlopers with similar photometric characteristics. For such cases we should statistically estimate the number of field interlopers in the field region and subtract them (Kook et al. 2010 ).
Distance
In general the distance to an open cluster is estimated using the ZAMS relation in the reddeningcorrected CMDs. Before 1990, most observations were performed in U BV , and therefore the distance to an open cluster was estimated using the ZAMS relation in the (M V , B − V ) diagram. As the earlier CCDs were sensitive to longer wavelength, many V RI or BV RI CCD observations were performed in the 1990s. Although the flux measured at longer wavelength is less sensitive to the stellar parameters, the RI pass bands have their own merits. They are less affected by the interstellar reddening and less sensitive to the difference in metallicity. The ZAMS relations in the optical pass bands, especially the U and B filters, can be affected by the difference in metallicity (Sung & Bessell 1999) as well as the chromospheric activity . introduced a reddeningindependent quantity Q V I ≡ V − 2.45(V − I) to estimate the distance to the starburst cluster NGC 3603. We introduce four reddening-independent quantities Q ′ , Q V J , Q V H , and Q V Ks .
Q V Ks ≡ V − 1.10(V − K s )
The parameter Q ′ is a modification of Johnson's Q to take into account the effect of E(B − V ) on E(U − B)/E(B − V ), which is a non-negligible effect for highly reddened stars. The other three parameters are derived from the relation between R V and color excess ratios (see Section 5.1 or Guetter & Vrba (1989) ). We determine the distance to an open cluster in the CMDs composed of Q ′ and Q V I , Q V J , Q V H , or Q V Ks as shown in Figure 16 .
The advantages of these quantities are (i) they are independent of interstellar reddening, (ii) homogeneous JHK s data are available from 2MASS, and (iii) they are less affected by differences in metallicity. In most cases we determine the distance to the cluster using the data for O and B-type stars, and so all the quantities are nearly free from metallicity differences. In addition, we can check for differences or errors in the photometric zero points from four CMDs, as shown in Figure 16 . The photometric zero point of Park et al. (2001) is well consistent with those of 2MASS.
Age and Initial Mass Function
To determine the age and the IMF of an open cluster, we have to construct the HRD of the cluster using the calibrations adopted in Section 4. In addition, we need to adopt stellar evolution models to estimate the age and mass of a star. For a long time we have used the evolution models by the Geneva group (Schaller et al. 1992) . Recently, Brott et al. (2011) and Ekström et al. (2012) published new stellar evolution models with stellar rotation. The results (age and the IMF) are very similar to each other (see for details Hur et al. (2012) ; Sung et al. (2013) ).
As our survey is to observe a wide range of cluster ages, we will use the stellar evolution models by the Geneva group (Ekström et al. 2012 ) because their models cover a wide range of initial masses.
The importance of PMS stars in young open clusters is that their age and mass can be determined using PMS evolutionary models. The age distribution of a cluster represents the star formation history in the cluster. In addition, because many of our target clusters are relatively sparse, it is not easy to determine the age of a young open cluster with one or two O-or early B-type stars. On the other hand, as the low-mass PMS stars are relatively rich, it is easy to determine the age and the age spread of the cluster using low-mass PMS stars. We determine the age and mass of PMS stars in young open clusters using the PMS evolutionary models of Siess et al. (2000) since their models cover a relatively large mass range.
SUMMARY
Open clusters are the most important objects to test observationally stellar evolution theory which is a basic step toward an understanding of the Universe. We started the Sejong Open cluster Survey (SOS) dedicated to provide homogeneous photometry of a large number of open clusters in the Johnson-Cousins' U BV I system which is tightly matched to the SAAO standard system. The goals of this survey project are to study the various aspects of star formation and stellar evolution, and the structure, formation history and evolution of the Galactic disk.
In this paper, we also described the target selection criteria and the spatial distribution of targets based on the analysis of the open cluster database. In addition, we presented our strategy to achieve accurate and precise photometry.
To fulfill the goals of this project, we adopt and propose various calibrations and tools required for the analysis of photometric data. We described and compared various calibrations, and presented the adopted relations. These include the intrinsic color relations between various colors, the zero-age main sequence relations, the spectral type versus absolute magnitude relations, the spectral type versus effective temperature relations, the spectral type versus color relations, the color -temperature relations, and the temperature versus bolometric correction relations. In addition, we presented methods to determine the reddening law R V and the distance to the cluster.
